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Nakinn diamond* 

Diamonds have been known and valued ftir Thousands of 
years. They are the epitome of indestructibility, and it bus 
been suggested that the shape af the pyramids of Egypt whs 
chosen in resemble that of a naLural diamond, m the 
Middle Ages the strength of diamond was believed to keep 
the bearer safe from harm, and diamonds were often carried 
by travellers as amulets- or chain is in cbost uncertain times. 

Dinmnnds have txifu found in many pans of the World : in 
India, Siberia, Australia, Russia, and America. Hut nowadays 
most diamonds eoinc from Africa. Children Like bright 
pebbles to play with and fi was in 1667 that some children 
fnu nd i he flrtL diamond recorded i n South Africa while they 
Were playing by a SlFCMB. It was shown to Dr IJuybon 
Athersrcme in Grahams to wo, and someone wrote with it on a 
window-pane to prove that it was indeed a diamond, for 
nobody expected to find one m South Africa in those days, 

I lie wirulow-pane was still there when I. studied at Rhodes 
University in Grattan 1ST own some twenty years ago, 

Over ihr uges there have been countless attempts to make 
diamonds and rnnuy of them make strange reading today, 
Rut I wonder how many people would know how to start, 
even mow, when so much is known about chemistry and 
physios. Diamond is one form of The dement carbon - rhe 
element which is much more familiar to most of US in I he 
form of graphite, the soft btnek substance in pencils am- 
biguously called lead. Cry seals of graphite are built up of Layers 
ut atoms in which the enrbon atoms are joined together in fiat 
hexagonal rings (sec diagram ). The layers of atoms arc 
attached to one another by weak forces, and so arc able to 
slide more or less freely over one another. This is why 
graphite is used for pencil leads.: when rbc lip of the OCndl 
is pressed on paper, the graphite layers flake off, leaving □ 
mark on the paper. In diamond, the structure is differem: 
the rings arc puckered to form an interconnecting network 
(see diagram) and all the atoms are Strongly bonded together. 
Consequently, diamond is the hardest substance jn the world, 
This difference in structure explains why two forms of the 
same element -carbon ^are so unlike each other (see the 
Background Kook T/w Sfm. tuft $f Sttbitam-ei). Indeed, many 
of the early experimenters did noi even realise that diamond 
was made of carbon. 
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h L? no surprise that Lhe titrly experimenter* failed m then 
attempts to msifcfi diamonds, Lf you want Lu make so LHC thing 
you must at least know whut Substances 10 *Tan with, 

Finding the right eODditinua for making diamonds from 
Uirbott is 1 problem on its own . 1 l WAS icmpti tig rt> do Th. L-, by 
(tying to LmitaU; the way to which natural diamonds are 
made, but the diamonds brought to liurupe before about 
IStJO came from actual or ancient river beds, and people 
realized that the diamonds had been formed -elsewhere and 
then carried away hy the rivers. Not knowing win at kind of 
minerals hud been present when the diamonds originally 
grew, .-xperimenters were unable to produce an artificial 
melt of the right tdnd in which to make them. Thus genuinely 
scientific attempts m make diamonds could really begin only 
in chc last decades of lliC nineteenth century, when Lwu 
separate facts were recognized at about Lhv same Tittle. 

En The first place, as new diggings discovered at Kimberley 
in about 3 B70 got deeper and deeper, people began to realize 
lhat the rock formations were hot alluvial <3 Laid down by 
water) as hud alw ays been The ca*c before, but were the tops 
of ancicjir volcanic pipes. They were filled with a bluis-h- 
green node usually called £piti fierce, and it seemed that die 
Source rock of diamond had at lust been found. It was studied 
very carefully by chemists and geologists, and 3 mimbei ofthem 
reported that They had made small diamonds from melTS of 
namraL kimberlite, ur from chemical m ram res appnmmatin£ 
to ii. However, since no recent worker has succeeded in 
repeating rliese experiments, and 00C1C of the supposed 
‘diamonds 3 seems TO h ivc been kept, we shall probably never 
know whether or not any of them Were genuine. 

Another way of making diamond* soon caught public 
ancDiton, for in IHSK fragments, uf u nickel-iron meteorite 
from Siberia were fuuiuf IO comem diamond, and in LB93 
dLamond was also found m meLeuritU: iron from the Canyon 
Diablo craLcr in Arizona. In each case the diamond was a 
significant percentage of th.- whole fragment very much 
richer roan kmiberlite which contains at most about one 
part of diamond to every fifty million parts of ruck. 

The discovery of diamonds in association with PieTEoririe: 
iron Enidated some really vigOfOW attempts, to make diamond . 
Most of TllC experimenrers adopted much Lhe same approach 
trying to imitate the Conditions that they thought were 
present in meteorites, This involved placing graphite in iron 
a 


which was heated umil it was nttilien, and then quenching 
The iron rapidly by p Lining it mm old oil or water. It was 
expected that The outer layers of The iron would contract on 
cooling, .so that the centre of die lump, where the graphite 
was, would thereby be subfCLied to very great pressures 
while Slill at a high temperature, 

A number of scientists, including Muissan in France and 
Sir William Crookes m England, cMuied to have succeeded 
in making diamonds set [hi* way. Sir William Crookes 
aciujllv demonstrated his method during a Friday Evening 
T .centre at the Royal Institution In London, saying T now 
proceed to make diamonds before your very eyes'. Km, as 
With The kimberlite experiences, laser workers who have 
attempted to repeat These experiments have been less 
fortunate, or Lees gullible, aCCurdihg CO your poeot of view. 
Here again, no diamond alleged to have been made by any of 
these people can be found today. 

The only 'artificial diatttondT to have come down Co US 
from Lbac period were made by Richard Ha 11 nay, and there 
as a fpcar deal of speculation about rhese, Hannay, working 
in Glasgow in the 18$ds, sufijected various 'carbonaceous 
misutres' to high pressures and LenipCKllurcs. He appears ro 
have combined both ways of making dEamoods So far des- 
cribed, by hearing his mixtures in iron tubes. He claimed to 
have succeeded in only a few of 111* experiments, and he vent 
some of Ids diamonds to rhe British Museum to be tested. 
These tiny crystals are undoubtedly diamonds, so the 
questions lo be answered are whether llannay ready made 
Them, whether his assistants played a iriek on him, or 
whether he knew lhaL they were natural diamonds and pre- 
tended (bar he had made them. Nowadays many people are very 
interested in this question, because the processes by which 
Synthetic diamonds ere now made in large quantities can 
only be protected by patents if no Otic has used the same 
method before. My own conclusion is that Harmay’s diami -uds 
are probably natural, rather than artificial, hut not every- 
body is in agreement. 

However iliat may he, millions, of carats (a carat o.zg: 
of synthetic diamonds are now being made by processes very 
similar Co those t tied by Moissan and Cr nukes ,tild rlid r con- 
temporaries, Most of LheSe diamonds arc very tiny, like 
grains, of sand. They arc very satisfactory for making grinding 
wheels, which IS one of the main Industrial uses os" diamonds. 
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The U.S. General iiLc-ctrtc Company has grown larger 
diamonds (see opposite'-, some of which were exhibited: at the 
World Fair in Startle in 19fi2, twit these were certainly not of 
gcjn quality, and at present there seems lirtte prospect. of 
making gem diamonds, 

One of the reasons why synth ettc d ia monds tire So small is 
that n •-. nnly possible to creme the temperatures and 
pressures necessary to produce rlicm in pressure vessels, 
which are very small. The pressures used are abour SO, [>00 
aLmospherets and ihe temperatures around 1 650 C Ttj 
produce such Conditions, Lt is necessary to concentrate lht 
pressure fram a relatively large press on 10 a ’.'Cry small area, 
like ,1 worn: ui concentrating her weight on a STheun lice] md 
thereby creating a three fit ye enough lu damage a hard 
surface. In making diamonds the process Takes several 
minutes. 

Since diamond is made from pure carbon and has a 
density of 3.5 £ cm’, one might Suppose that any other form 
of pure carbon (say graphite, which has a density of only 
about 2,2 gm/cm 3 } could bo squeezed in a huge press until 
it was dense enough ro become diamond, il is very difficult 
indeed to do this, although not impossible; sonic scientists 
report that they have compressed pure graphite and formed 
diamond. However they had to use pressures approaching 
200*000 atmospheres ■ much higher than those normally em- 
ployed. Moreover it is not known how pure The graptuLe 
in these experiments was, though this may be critical. One 
of the- difficulties in under start ding the results of e Xperiments 
at high pressure atld high temperature es the very grcnT 
importance of trace elemenrs in promoting or inhibiting 
certain reactions, If the graphite contained some nitrogen, 
which is not at all unlikely., This may have played an impar- 
tS-TlT JHI1 ih the experiment because it has recently been 
found dun many natural diamonds contain appreciable 
amounts of nitrogen (up to 0.5 per ccnrj, pure diamonds, 
are rare, in practice synthetic diamonds are jiot made 
from pure carbon, bur from mixtures of carbon and certain 
metals. A n umber of rneials, including platinum, have been 
Found tu he suitable, bur mere synthetic diamonds produced 
in large quantities SO far have been made wirh nickel, "flic 
origin uf rhe carbon docs not seem TO matter; one group has 
demonstrated this rather nicely by making -diamonds from 
toasted tea-cakes, 
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What rale -does the metal play ? Is it merely a solvent for 
carbon* SO that diamond crystallizes instead of graphite 
under stumble conditions of tempera rare and pressure, or is 
the meLal an tSCHTinl ingredient of the diamo nd itself? This 
tjuestion ts unexpectedly diillculi to answer. The earliest 
synThetic iJ i amends, contained appreciable amounts of nickel,, 
probably in the term of a nickel carbide-, b ut nowadays most 
of the crystals show hardly any Traces of the metal used. 

Manufacturers now under stand the process well enough to 
exert some control over the colour and shape of the tiny 
diamonds, -iind cnti make different kinds for special purposes. 
This is a great achievement, because no rural diamonds cannot 
as a rule be altered in any way, so a lot of time has to be spent 
sorting them into different shapes and sires, or searching for 
the very rare diamonds which happen to be (M Only ones 
suitable for a particular job . 

Methods of manufacturing diamonds- suggest new ways 
in which diamonds may be used. For example, in electronics, 
mi maturization of components means Ehai many transistors 
ore now evu larger than relatively inexpensive diamonds, Bm 
transistors are usually made- from crystals of germanium and 
heIidoq - corresponding cEemcncs to diamond in the Periodic 
Table - and because they have a similar crystal structure, it 
ss tempting to think it might be possible to make diamond 
transistors. As with germanium and silicon crystals, the 
diamond crystals would hav-e to be doped with trace amounts 
of tudi fjCJllcnTS as boron, niLrogen, ajid nluminitim. This 
has been dune both during and after gJWTh, but the term 
perat lines and pressure 1 , must be :s Lhe same range its those 
needed to make diamonds, and Slicil work is still m an 
eapenmenLal Stage, 

So far WC have been considering the process of making 
diamonds by holding the carbon at high temperature* and 
pressure for several minutes. But it c!s also possible to make 
very smaLI diamonds [much smaller than the ones we have 
been discussing, but sd]l reargnutable a* diamond by X-ray 
diffraction patreinTl in properly arranged explosions. It has 
even been suggested That an atom bomb should be let off in 
a coal (rone to make diamonds* bilt it is a good deal easier 
than that because small explosive charges produce enormous 
pressures for a small fraction of a second, i'he fact that 
diamonds can be made' in this way has aruused a great deal 
of interest among scientists, because some people think that 




Pholngraph shoeing Lavera »r»A 
Wy-W-ihriugll -:« yxMl .’ 
n&iur jI 'j aljianil .. :_h I 
sufflS Ssl that i y:-jr,i .ji ampr 
hi; fati i&i Hi Kw^tal 
:T r |irr 


>;■ ■= lung p c-r> ■- rl 


y R i'. 






diamonds in meteorites mentioned earlier mtgbr have been 
formed when lie meteorites hit Lie Laith, so Lbat they Would 
Din have been present in them beforehand. This would 
affect Lheories about lie origin of meteorites, which would 
have had to be quite large to provide die pressures usually 
considered necessary to form single crystals of diamond. 

Although people now know bow to make diamonds Irom 
mixtures of carbon and metal, al most not It i ng certain has been. 
learnL abouL Lhe formation of natural diamonds, Kimberlite 
to be The source rock, bur tbc dinmonds const™ re only 
a very small pan of it, which implies- that the process 
resulting tu natural diamonds may ttoi knvc been as efficient 
as char Wjisch produces diamonds in meteorites. Only one 
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erperimcij- . earned out by a group of scicmists in Sweden, 
seems lO ha', e rcsuhedl 111 the Forma tLOU of tmy diamonds in u 
SLheare - that is ± in a mixture anything like kimberlite. The 
question bow largo white gem diamonds. arc ibrrned remains 
unanswered. Perhaps quite new methods will be needed if 
we arc to make any artificially. 

Bc cause the kimberlite pipes containing diamonds are 

■ancient volcanoes, the diamonds may have originated m two 
quite different ways. They may have been Formed very early 
in the history of the Earth, and at great depih, and perhaps 
Subsequently thrown Up by volcanic -snip lions. Alterna- 
tively, they may have crystallized from the kimhcrlirc as 
it cuolcd in lI;C places at widen it is how found. Even now 
it is nnT possible 10 decide definitely between these twn 
LbeorieS, and, as mi often happens in trie nee, it may be 
that both of them are partly right, and that bOEh origins ACT 
possible for diamonds. There is plenty of evidence that 
many diamonds have grown in several stages, with one layer 
over another - a crystallographic union, as it were - though 
you often need a microscope co sec Die boundaries between 
the iayers (see page 1 1). I'hcse different stages of growth 
may have been separated by millions of years. 

If diamonds were formed in The depths of the Edith, 
then the present high-prL^sure.bigh-tsmpcrature industrial 
process could well be analogous to die tiatural one, snd the 
most important differences would tic id the scale and i he rsme 
taken to form targe diamonds. The fact dm we find. ibe 
diamonds m a certain kind of nock ls then an accident s uher 
than a valuable clue, and w ill not help us very much. 

A great many diamonds contain small crystals of other 
wet] 'known minerals, and if die diamonds were formed in the 
depths of the Eanh, the minerals must also have com-c from 
Lbere. Most uf them are much more easily altered chan are 
diamonds during ordinary geological processes; hut here we 
have small geological samples from preac. depths tn rhe Earth 
which ate neatly packaged in transparent containers of a 
strength and durability we cannot hegin to inuc.iTe, These 
samples are being studied by several different tecbiucjucs. 

; hus, ai t t i nie when we are beginni ng io understand the 
bari-i nf life itself and to venture out into space, making 
aod studying diatsaonds may help us to understand that most 
inaccessible place in be universe — die centre of our own 
planet. 



Qutjfkrp 

I Vi liy-fe ll !.l‘ J lltlt * ' in lltttVl I.II..4- -T4h. :iJ .Eli,' - 

T -l'i, i-. m el'. I --LiyLiio; iinji ir nscds Jiutnrr'.J cut j 
imauil. Vi'liv is clijs ;luJ tc vvlui ukv jjc irnmnn " fiUf 


Lhirmn nrl Why 

ici ind^ir) 1 ? 


i- There is ■’fill .1 greai Jiail of ipfacyiaspn il*> *o ... ■/ lururuJ 
JlauiLHldi lire Jbnneii. From WjlUt halve ftisd jn tliii. bonle* 
whuE. do you rfiidk r 


lomt niduitrial ckfiftlic of ions of diamonds 



Marble being cul vhiii-i j 
I iiiTnjri.J [ a.i.v 



Turning h corneal contact 
l£h& will! ii <X amend tunl. Made 
ci noyh. ih* J lniah«l 
Mnt (6 only aLiuui: 3 inm in 
diaineli- and (I 1 nn H- iclr 
Natural diamond ■ = used he*e 
Di- B&hh. 




